Introduction
Globally, the number of patients with diabetes mellitus (DM) has dramatically increased in the past three decades, and DM is estimated to be the ninth major cause of death [1] . Type 2 DM (T2DM) accounts for approximately 90% of adult DM worldwide [2, 3] . Most patients with T2DM have at least one complication, and cardiovascular complications are the leading cause of morbidity and mortality [1] . Therefore, a broad range of interventions for not only the primary disease of T2DM but also for its complications is more strongly needed to prevent morbidity and mortality in patients with T2DM.
Nonalcoholic fatty liver disease (NAFLD) is a clinisyndrome characterized by the accumulation of excess fat in the liver and the most common chronic liver condition of adults in developed countries [4, 5] . DM and NAFLD were clearly associated with each other, and they may serve as a progression factor for the other; recently, NAFLD is generally perceived as a benign condition, which may have on the contrary an important deleterious impact for diabetic patients increasing the risk of cardiovascular complications and serious hepatic diseases [6, 7] . It has become critical for the health care providers to manage T2DM patients with NAFLD appropriately in clinical settings. However, no pharmacological treatments for this condition have been approved by regulatory agencies [8] .
Recently, some new therapeutic options, such as incretin-based treatments and sodium-glucose cotransporter 2 (SGLT2) inhibitors, have been developed and clinically used for patients with T2DM [9] . SGLT2 inhibitors are a novel class of oral antidiabetic agents that exert insulin-independent hypoglycemic effects by increasing urinary glucose excretion [10] . Effects of SGLT2 inhibitors on glucose control are well established, presenting a low risk of hypoglycemia, resulting in weight loss and lowering blood pressure [11] [12] [13] [14] . It is also reported that SGLT2 inhibitors have various favorable effects on cardiovascular risks [15, 16] . Additionally, several SGLT2 inhibitors have shown benefit in animal models of NAFLD [17, 18] , and some clinical studies have demonstrated improved liver enzyme activity, weight loss and reduced fatty liver index score in T2DM patients treated with SGLT2 inhibitors [19] [20] [21] [22] [23] . Therefore, SGLT2 inhibitors are expected to possibly become a useful pharmacological option for T2DM patients with NAFLD.
We investigated the influences of the SGLT2 inhibitor, dapagliflozin, on blood glucose, BMI, liver function parameters, liver stiffness and steatosis evaluated using transient elastography, and laboratory test parameters among Japanese T2DM patients with fatty liver in clinical setting.
Method

Study design and patients
This was a retrospective, single-center, open-label, observational study on patients with T2DM, newly treated with dapagliflozin in clinical settings (UMIN000026549).
Outpatients with T2DM aged 20-84 years, who were began to treat with dapagliflozin between June 2014 and October 2016 at the Kagawa Prefectural Central Hospital in Japan, were recruited in this study. T2DM was diagnosed using a standard method according to the practice guideline for the treatment for diabetes in Japan 2016 published by the Japan Diabetes Society [24] . Dapagliflozin (5 mg) was administered once daily for 12 months as monotherapy or add-on therapy to other hypoglycemic agents (dipeptidyl peptidase-4 [DPP-4] inhibitor, sulfonylurea, biguanide, insulin, glucagon-like peptide-1 [GLP-1] receptor agonist, thiazolidine, glinide, or α-glucosidase inhibitor [α-GI]). Dapagliflozin was prescribed to patients whose blood glucose was inadequately controlled despite therapy with diet/exercise and other hypoglycemic agents (in the case of add-on therapy). The patients who had an allergy for dapagliflozin were excluded from the study.
Study assessments
Patients with T2DM were classified into two patient groups based on the presence or absence of fatty liver, determined using abdominal ultrasonography or computed tomography. In both patient groups (the total patient cohort and patients with fatty liver), changes in HbA1c, blood glucose, BMI, liver function parameters, liver stiffness and steatosis evaluated using transient elastography, and laboratory test parameters during the 12-month study period were assessed in the study. The liver function parameters evaluated included aspartate aminotransferase (AST), alanine aminotransferase (ALT) and γ-glutamyl transpeptidase (γ-GTP). The laboratory test parameters evaluated included total cholesterol, high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), triglycerides, uric acid, blood urea nitrogen (BUN), creatinine, hematocrit and hemoglobin. These parameters were measured using conventional methods. Liver stiffness and steatosis were evaluated using a transient elastography, FibroScan ® (Intermedical Co., Ltd., Tokyo, Japan), and the measurement data were expressed in E value (kilopascal: kPa) for liver stiffness index [25] , and controlled attenuation parameter (CAP) value (dB/m) for liver steatosis index [26] .
Ethics
The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and its subsequent amendments. Written informed consent was obtained from the study patients, and the study protocol was approved by institutional review board of Kagawa Prefectural Central Hospital before the study initiation.
Statistical analysis
Data were expressed as mean ± standard deviation (SD), number and percentage of patients or each individual measurement value. Statistical analyses were performed using BellCurve for Excel ver. 2.12 (Social Survey Research Information Co., Ltd., Tokyo, Japan).
Statistical comparison between baseline values and the values at 1, 3, 6, or 12 months after treatment were performed using the analysis of variance (ANOVA) model, adjusting the multiplicity with the Holm method. Missing data were imputed using the last observation carried forward. The paired t-test was used for the statistical analysis of the changes in laboratory test parameters after treatment. Differences were considered statistically significant at p values <0.05.
Results
Demographic and clinical characteristics of the patients
A total of 117 patients with T2DM were enrolled in the study. Among them, 33 patients concomitantly had fatty liver, as determined using abdominal ultrasonography or computed tomography. Patient characteristics in these two groups are summarized in Table 1 . Male patients accounted for 58.1% and 57.6%, with a mean age of 60.9 ± 12.9 and 56.8 ± 14.3 years (data expressed as mean ± SD), and HbA1c of 7.63 ± 1.38% and 7.75 ± 1.58% in the total patient cohort and patients with fatty liver, respectively. Both patient groups also concomitantly had obesity, with a BMI of 29.3 ± 5.5 and 29.2 ± 5.1 kg/m2, respectively. Compared with the total patient cohort, the liver function parameters such as AST (40.4 ± 39.8 vs. 59.0 ± 41.2 IU/L), ALT (47.0 ± 55.4 vs. 80.8 ± 81.4 IU/L) and γ-GTP (63.9 ± 102.3 vs. 75.2±40.3 IU/L) were higher in patients with fatty liver.
Concomitant antidiabetic drugs used in the study period
An SGLT2 inhibitor, dapagliflozin, was used as a monotherapy during the study period in 9.4% of the total patient cohort and in 3.0% of patients with fatty liver. Other patients were treated with concomitant antidiabetic drugs, and DPP-4 inhibitor, sulfonylurea, biguanide, insulin and GLP-1 receptor agonist were commonly used (10% or more) in both patient groups. Especially, many patients with fatty liver were treated with DPP-4 inhibitor (78.8%) or biguanide (30.3%) ( Table 2 ).
Changes in HbA1c and blood glucose
The mean HbA1c was 7.52 ± 1.23% at baseline and significantly (p<0.001) reduced to 7.20 ± 1.15% at 12 months after treatment, with a reduction of -0.32% (-4.3% reduction) in the total patient cohort. The mean HbA1c was 7.61 ± 1.35% at baseline and significantly (p<0.01) reduced to 7.11 ± 1.13% at 12 months after treatment, with a reduction of -0.50% (-6.6% reduction) in patients with fatty liver (Figure 1 ).
The mean blood glucose was 171.3 ± 61.4 mg/dL at baseline and significantly (p<0.01) reduced by -20.6 mg/dL (-12.0% reduction) at 12 months after treatment in the total patient cohort. The mean blood glucose was 164.0 ± 48.9 mg/dL at baseline and reduced by -15.7 mg/dL (-9.5% reduction) at 12 months after treatment in patients with fatty liver (Figure2).
Change in BMI
The mean BMI was 29.6 ± 5.2 kg/m 2 at baseline and significantly (p<0.001) reduced to 28.6 ± 5.0 kg/m 2 at 12 months after treatment, with a reduction of -1.0 kg/m2 (-3.5% reduction) in the total patient cohort. The mean BMI was 29.3 ± 5.2 kg/m 2 at baseline and significantly (p<0.01) reduced to 28.2 ± 5.1 kg/m 2 at 12 months after treatment, with a reduction of -1.1 kg/m 2 (-3.8% reduction) in patients with fatty liver (Figure 3 ).
Changes in liver function parameters
Changes in AST, ALT, and γ-GTP are shown in Figure  4A , B and C, respectively. The mean AST was 41.6 ± 41.3 IU/L at baseline and significantly (p<0.001) reduced to 29.7 ± 14.6 IU/L at 12 months after treatment, with a reduction of -11.9 IU/L (-28.7% reduction) in the total patient cohort. The mean AST was 59.7 ± 41.6 IU/L at baseline and significantly (p<0.001) reduced to 38.4 ± 17.1 IU/L at 12 months after treatment, with a reduction of -21.3 IU/L (-35.7% reduction) in patients with fatty liver ( Figure 4A ). The mean ALT was 49.0 ± 57.5 IU/L at baseline and significantly (p<0.001) reduced to 34.8 ± 27.1 IU/L at 12 months after treatment, with a reduction of -14.2 IU/L (-29.0% reduction) in the total patient cohort. The mean ALT was 81.8 ± 82.5 IU/L at baseline and significantly (p<0.001) reduced to 52.1 ± 37.1 IU/L at 12 months after treatment, with a reduction of -29.7 IU/L (-36.3% reduction) in patients with fatty liver ( Figure  4B ). The mean γ-GTP was 64.7 ± 106.1 IU/L at baseline and significantly (p<0.05) reduced to 55.3 ± 97.7 IU/L at 12 months after treatment, with a reduction of -9.4 IU/L (-14.6% reduction) in the total patient cohort. The mean γ-GTP was 75.7 ± 40.8 IU/L at baseline and reduced to 67.7 ± 75.1 IU/L at 12 months after treatment, with a reduction of -8.0 IU/L (-10.6% reduction) in patients with fatty liver ( Figure 4C ).
Changes in liver stiffness and steatosis evaluated by transient elastography
Before and after dapagliflozin treatment, the liver stiffness and steatosis were evaluated using the transient elastography (FibroScan ® ) based on the index of E and CAP values, respectively. The E and CAP values varied widely among patients, and no obvious change was totally observed after treatment with dapagliflozin in both patient groups ( Figure 5A and B) . Figure 6 shows the case report for the changes in HbA1c, ALT, AST, γ-GTP, liver stiffness (E value), and liver steatosis (CAP value) evaluated by transient elastography during the 12-month study period. This patient was male, aged 69 years, had fatty liver, and could be continuously evaluated for these parameters for 12 months in the clinical setting. These parameters were likely to improve parallel in this patient.
Case report
Changes in laboratory test parameters
The HDL-C, BUN, hematocrit and hemoglobin were significantly increased in both patient groups (p<0.01). Uric acid was significantly reduced in the total patient cohort (p<0.05), and tended to be reduced in patients with fatty liver (Table 3) .
Adverse events
No clinically significant adverse events (AE) and abnormal laboratory test results were observed during the study period.
Discussion
This study was conducted in actual clinical setting, to investigate the influences of SGLT2 inhibitor, dapagliflozin, on blood glucose, BMI, liver function parameters, liver stiffness and steatosis evaluated by transient elastography, and laboratory test parameters among Japanese T2DM outpatients with fatty liver. Compared with the total patient cohort, patients with fatty www.japanjournalofmedicine.com Change in blood glucose. Data are expressed as mean + standard deviation. The missing data were imputed using last observation carried forward. The ANOVA test was used for statistical analysis, adjusting the multiplicity with the Holm method (*: p<0.05, **: p<0.01 vs baseline).
Figure 3. Change in BMI.
Change in BMI. Data are expressed as mean + standard deviation. The missing data were imputed using last observation carried forward. The ANOVA test was used for statistical analysis, adjusting the multiplicity with the Holm method (*: p<0.05, **: p<0.01, ***: p<0.001 vs baseline).
Figure 4. Changes in liver func�on parameters, AST (A), ALT (B) and γ-GTP (C).
Changes in liver function parameters, AST (A), ALT (B) and γ-GTP (C). Data are expressed as mean + standard deviation. The missing data were imputed using last observation carried forward. The ANOVA test was used for statistical analysis, adjusting the multiplicity with the Holm method (*: p<0.05, **: p<0.01, ***: p<0.001 vs baseline).
Figure 5. Changes in liver s�ffness (A) and steatosis (B) evaluated by transient elastography.
Changes in liver stiffness (A) and steatosis (B) evaluated by transient elastography. The FibroScan ® was used for the evaluation, and the measurement data were obtained as E value for the index of liver stiffness and controlled attenuation parameter (CAP) value for the index of liver steatosis. The figures show the dot-plots of each measured value obtained before and after the treatment of dapagliflozin, and the data are expressed as mean ± standard deviation. The paired t-test was used for statistical analysis between the values of before (pre) and after (post) the treatment (p>0.05 in all analyses).
Jpn J Med 2018,2:1 Figure 6 . Case report for the changes in HbA1c, AST, ASP, γ-GTP, liver s�ffness, and liver steatosis evaluated by transient elastography during the 12-month study period.
Case report for the changes in HbA1c, AST, ASP, γ-GTP, liver stiffness, and liver steatosis evaluated by transient elastography during the 12-month study period. The patient of this case report was male, aged 69 years, had fatty liver, and was selected for the case report because he could be continuously evaluated for these parameters for 12 months in clinical setting. The FibroScan ® was used for data evaluation, and the measurement data were obtained as E value for the index of liver stiffness and controlled attenuation parameter (CAP) value for the index of liver steatosis.
Total (N=117)
With fatty liver (N=33) Data are expressed as mean ± standard deviation. n: the number of patients evaluated. The paired t-test was used for statistical analysis between the values of before (pre) and after (post) the treatment (*: p<0.05, **: p<0.01, ***: p<0.001).
liver had higher baseline values of AST, ALT, and γ-GTP, suggesting the reduction of liver function in these patients. Obesity was observed in both patient groups, with a mean BMI of 29.3 and 29.2 kg/m 2 in the total patient cohort and patients with fatty liver, respectively. The proportion of patients with fatty liver treated with dapagliflozin monotherapy was smaller than the proportion of the total patient cohort treated with dapagliflozin monotherapy (3.0% vs. 9.4%), suggesting that more intensive therapy for T2DM was needed in patients with fatty liver and obesity, because these disorders may serve as a progression factor for the other [6] .
In particular, a large proportion of patients with fatty liver was concomitantly treated with a DPP-4 inhibitor (78.8%). This may be because DPP-4 inhibitors are thought to have a neutral effect on body weight [27] , and were more likely used as concomitant drugs for T2DM patients with fatty liver and obesity.
The mean HbA1c was 7.61% at baseline and significantly reduced to 7.11% at 12 months after treatment, with a reduction of -0.50% in patients with fatty liver. Most of these patients (78.8%) were concomitantly treated with a DPP-4 inhibitor during the study period. A previous randomized controlled phase 3 study that assessed the efficacy of dapagliflozin as add-on therapy to the DPP-4 inhibitor, sitagliptin, in patients with T2DM (not necessarily with fatty liver) demonstrated that the reduction in HbA1c was -0.5% (baseline HbA1c: 7.9%) at 24 weeks after treatment [28] . These results suggest that the hypoglycemic efficacy of dapagliflozin is similar among T2DM patients with and without fatty liver.
The mean BMI significantly reduced from 29.3 kg/m 2 at baseline to 28.2 kg/m 2 at 12 months after treatment with dapagliflozin in patients with fatty liver. A systematic review and meta-analysis of randomized trials indicates that ≥5% weight loss improved hepatic steatosis, and ≥7% weight loss also improved the NAFLD activity score [29] , therefore weight loss is thought to be an important therapeutic strategy in patients with NAFLD. Dapagliflozin is suggested to be useful in improving the conditions of NAFLD associated with T2DM.
In the present study, liver function parameters such as AST and ALT were significantly reduced after dapagliflozin treatment in patients with fatty liver. The mean AST was 59.7 IU/L at baseline and significantly reduced by -21.3 IU/L (-35.7% reduction) at 12 months after treatment, and the mean ALT was 81.8 IU/L at baseline and significantly reduced by -29.7 IU/L (-36.3% reduction). Recently, the effects of dapagliflozin on AST and ALT were evaluated among T2DM patients with nonalcoholic steatohepatitis (NASH) (n=11) in a prospective, open-label, uncontrolled study. In that study, the median AST was 52 IU/L at baseline and was significantly reduced by -26 IU/L (-50.0% reduction) at 24 weeks after treatment, and the median ALT was 59 IU/L at baseline and significantly reduced by -29 IU/L (-49.2% reduction) [21] . The absolute amounts of AST and ALT reductions cannot be directly compared between these two studies because of the differences in the mean and median values in the respective study; however, dapagliflozin is thought to improve the liver function in T2DM patients with fatty liver or NASH.
Growing evidence suggests that NAFLD is associated with an increased risk of cardiovascular disease beyond that conferred by established risk factors [30] , and it is reported that NAFLD increases the risk to develop also serious hepatic diseases in particular NASH, cirrhosis and hepatocellular carcinoma [7] , which possibly read to reduced life expectancy in patients with T2DM [31, 32] . The SGLT2 inhibitor, dapagliflozin, is suggested to improve not only hyperglycemia but also deterioration of liver conditions in T2DM patients with NAFLD and is expected to become a useful therapeutic option in these patients.
Transient elastography using FibroScan®, which measures liver stiffness or steatosis, is a novel, noninvasive method to assess liver fibrosis [25, 26] . It has been reported that a significant correlation between liver stiffness measurement using FibroScan® and fibrosis stage in patients with NAFLD, as confirmed by the results of liver biopsy in patients with NASH [33] . This measurement is also demonstrated to be an effective procedure to screen for fibrosis and steatosis in DM patients [34, 35] . However, there have been few reports of the evaluation for liver stiffness and steatosis after the pharmacological treatment of T2DM in patients with fatty liver, such as NAFLD or NASH. Therefore, in the present study, liver stiffness and steatosis were evaluated using this transient elastography in T2DM patients with fatty liver, who were treated with SGLT2 inhibitor, dapagliflozin. The E and CAP values varied widely among T2DM patients with fatty liver in the present study, and no obvious change was observed in these parameters after the treatment with dapagliflozin, although liver function parameters were clearly improved. As one of the reason for this result, we believe that the evaluation period was short; almost half (43%) of the T2DM patients with fatty liver were evaluated using these parameters within 6 months after treatment, because the transient elastography was performed as part of the daily clinical practice, and we did not set any specific and favorable timing for evaluation in this study.
A case report for one patient who could be regularly monitored until 12 months after the dapagliflozin treatment indicated that changes in E and CAP values were associated with those of HbA1c and liver function parameters. Several SGLT2 inhibitors, including dapagliflozin, have been shown benefit in animal models of NAFLD [17, 18] , and have been demonstrated improved liver conditions such as reducing fatty liver index score in some clinical studies with T2DM patients [19] [20] [21] [22] [23] . Considering together, the E and CAP values measured using FibroScan® may become useful in examining the changes in liver stiffness and steatosis in T2DM patients with fatty liver treated with SGLT2 inhibitors. Recently, fibrosis markers for NAFLD/NASH, such as hyaluronic acid and type IV collagen, have been studied and developed [36, 37] . The relations of these markers and the transient elastography data obtained from T2DM patients with fatty liver treated with SGLT2 inhibitor are interesting, and expected to be investigated in the near future.
Changes in laboratory test parameters were generally consistent with the previous reports on dapagliflozin treatment in T2DM patients [38] , and no clinically significant AEs including notably abnormal laboratory tests were observed in the study period. Dapagliflozin may be used safely in T2DM patients with fatty liver in the clinical setting.
The present study first evaluated the influences of the SGLT2 inhibitor on liver stiffness and steatosis evaluated using transient elastography, in addition to liver function parameters, among Japanese T2DM patients with fatty liver in the clinical setting. However, the number of study patients was small, and the study had no control group containing patients who were not treated with dapagliflozin. Further investigations are needed to validate the findings obtained in the present study, especially to explore the usefulness of transient elastography in T2DM patients with fatty liver treated with SGLT2 inhibitors.
In clinical setting, dapagliflozin improved HbA1c, reducing BMI and improving liver function parameters such as AST and ALT in Japanese T2DM patients with fatty liver. Transient elastography could be a useful method for evaluating the influence of liver stiffness and steatosis in T2DM patients with fatty liver treated with SGLT2 inhibitors.
